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^OjoljLa jl A-JjUjudjVI ^3c* J&J ^ A A^.^)j oUA ^3^“ C5^ ' V ^ C«La) (3 &^3“&3i 

"c^j^jjj " cfej rheology -IW 


I Rheology 


• It is a branch of physics that deals with the flow of matter (viscosity of solution). 


# Viscosity of material: 


• It is the resistance to the flow of molecules. (| Resistance —► | viscosity). 

<Lail jAj S^Ldl (jL^jol <LujI jAj VlgjJ ^ 1 x 11 Lj ^j\c* L A^jLljudjVI A>Jc* 

AjIj Vij flow 31 ^3al Ld j S^Ldl A^jUjudjI L-ulalill jjjL j 

Flow 31 jjl ^kU Ld 


jLudlj ^,>JJ Ld (JjLudll 4 A_uLijulj!)ll JjLudll A>ajLLa (JlLalL Lj A-^.j^l]| LS^J A'nI'S Cp3 

^cJI aj^^JI 33 ^xll jl c-tc*^]l 3 Vik ^jLLa aL 




AljjljxjjM (J£L JjLudll <C*LL A^.j^l]| Ajjj La] (j! ^^Lx-oj A^.j^l]| j A_i (jjj Ajjukc. Aii^lc* Aj9 <jj5Lij LojL 

A-iltc. Ajc*LL ^LjudjVI ^VL^-9 Allia Alk*LL A^j^H! AjLo]| (JjLuj ^Jlk* j] <JLLo]| (Jjjjuo 

c-jLoiIijj ^j! aLIs <jc.Uj a^jLiuij^I ^LllLj 1.1^ a31c. !>1 : 1 & JjuaxJI ^j ^>kl <JjLuj ^Ic. 

.. resistance -II jV <iib 

A-p^)la A^.j^1]|j <LajULo]| 4 Ajjukc* A-IjLloijVI j A^.j^1]| AS^LlSI 4 Vn (jjLa (jLic* 

b (JjLdl tjlJj .. sj_^U jl Ajjiil J^b liquid j' fluid ^ u' u- 3 .. M*-® j£j 

AjU 

.. ** 

u^f cij^i CJ^ Cohesion l>^ qij ^1 ^jSII .. 

^Ul) Aitlk^ cIjIjjj^ (jjj IgJV Adhesive force s^LL ajUI 

^S^)jjujLo]| 

tgx.LL Flow 31 c^ij J^i3l ^ ^^111 cIjIjj^JI LojIj <j! Jli <ilj^]| 

A>ijtLa]| ^ 3 ^ i ^3 L)^ AjuJ ti^lj ^LajtLa (JLollJ ^a jM' C 5 111 c> 

.. flow -II Jiu 
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• Cohesion forces : attraction forces between similar molecules. 

• Adhesion forces: attraction forces between different molecules. 


ajUIIj On jll tj j Adhesive d!j Cohesive dl ^ bid djd! 


# Units of viscosit 


m 


It may be Poise or Centi Poise 


Poise: 

• It is the shearing force required to produce a velocity of 1 cm/second between two 

parallel planes of liquid each 1 cm 2 area as separated by a distance of 1 cm 
_ . dyne/second 

• Poise = - 


cm' 


Centipoise = — of poise 
^ 100 ^ 

1 Both poise and centipoise called dynamic viscosity. 


(lcm lA^laS) 1 QfQ jd (jjjtjidl (Jll AiLutdl J 1cm 2 ' ^ V-UL 4_djui« bjdl 

Igda <J^d? ta (JjLuJIj (JjLuj Lg-lS Lilian, j 

^ i cm cs-d-aj Ajt (JjLuJI ^sia jdl s.idj bjlii 6 jd y* j yL* l b 

Poise tj^ bjdVI 

.. (J J <jj 3 bdill ^jLAij Poise Viscosity dl (jdJ 
jd jjiuo j\ jl« ^gjiu 100 dl (jA (.j*. olvLA <_$l <jl yAjic. lid ? Centi poise bUdii j] t_da 

centipoise = 0.01 of poise dla.. I^Saj 
centipoise & Poise dl <^a a! JOa dynamic viscosity -II <_$! bllla j] 
(jjjlill ^ ^jb AijjbiA <jlic. r| j *jib viscosity -d j *jd liltd 


Fluidity ftp): 

• It is the reciprocal of viscosity (cp = -) 


j jJjudll (JSj Lai L_LuoUllll j M(JC* fcjUc* ^J;}juall 


Kinematic viscosity: 


1 Kinematic viscosity = 


dynamic viscosity 


density | 

• Measured by stock (s) or centistock (CS) 


A hx a dc> Aj3lii£ bajjuiLa (JjLuiII A^.jj\ yc. 6 J)Ijc- 

(Jjsj (JjLuj Mobile liquid (jj^dllj bid I ^ y IjiS <- dad ^^cld (JjLuJI ; a 4Ja jada 

Viscous liquid l$j 

(Jjj^aadlj ^3Jjjdj ^Ixj ^j-luidj <jjc- jj ? HOW dl ^1 jjl (_^l t—lla 
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(JJC. c. (JjLullI (jLjjjJ L-Luia. ( _ 5 Ic. 

simple flow ja j cP^ CyP £-yy bj Newtonian flow JjVI 

Newtonian equation V b Non-Newtonian Pt 


I* Newtonian Flow 


• The flow of fluid conforms to Newtonian basic equation. 

• Called simple flow . 

• The rate of shear (G) is directly proportional to shearing force (F). 

FaG—>F = r|XG—>r| = || 



• The curve starts from the origin i> 

Examples: 

Water, Alcohol, Benzene, chloroform, Glycerol 
jjj a l^ia jjl n Newtonian equation dl ja <^111 JjVI b 

Shearing Force p Shearing rate y> 

b A-J jlJ 4 x,Uj L_Ajj£JIJ AliC^Uj j 4x.llj ^ 

diUjlLa ajUc- ^Luj Alliluol ^ 

4 ^ (jl J C5^ ^jill JJoU ^txJ 
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Non-Newtonian Flow 


A* Plastic Flow 


F-f 


• Not flow Newtonian basic equation 

Examples: 

1. Suspension of zinc oxide in mineral oils 

2. Certain paints 

3. Most ointments 

4. Jelly 

Equation: 

U = 

L. 

• The flow of material occur only after application of a sufficient force (yield value) 
after which flow occurs. 

• The curve not pass from the origin. 

Yield value (f): 

• It is the Force must be exceeded to overcome the attraction force between the particles 
after which flow occurs. 

Curve: 



.. 4-14** £jlu <_£* Non Newtonian flow -II 3 * JjVI £jdl Ua 

jLk. 4jj*VI .ikljA 

^aIj*1I JjLuJI (jk* powder -II <ua 3 jlu ^Ij suspension -SI 3^ 6 ^ 3“^ ‘dkVI 

CjUU4I j (Jj^JIj 

1^ ^ASJIj 3 lk*VI 3 j'> 3ti ' a j cJ^?JI jl >A^*SI <J-iaJI J ^Alj-dl (jc- (Jj-iaSl 

l^jjlj 6 _jj»JI ( _ 5 Jc. kxjJal <^1 <JjVI V ? (“Aj'dS ®._JJ*-SI «.Ua*JI 1*1 dul (Ja 

ClilkJjl Ul 3 V ‘ 3^1-sSj (J44j (j*]*ia^* flow -SI 3 V ^ alla-jA 33^ J <^ J ^ a jSI l -^ 3 l-i ^A J*SI ^1LI J^SI 3 ldoC. Sj3 
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Ig-ajail ^^111 j Igjj . >. ui ^^Ul ojail ^^jc-Lj ClAjluiaJI ^ Ja^.1 ^ajVj jjjmjA (j_jjLa]l ^UlLj <_£.}jc. ^yc ej3 

capital <_£* small f j Yield value 

JS*J Iaj V t Origin -II ^j-a (jLa I—SJJ^II (jl liA i—Sjj^JI ^ Ji^.3ljA j U ^jl 3^^ Flow -II La 

4jjA> origin dl 

(_$ji (jV dilijjaJI ^jjj i_Lkj]l <_£ja ^gic. i_ilijl ^jLiic. IaI Lvil ^jV <^1 Sjall Igii yield value -II l-L^L 
,. SjSll cs^- L . f.flow W1 <jl AjL^alt L^ajj^a^ diUj^aJI ^Lalb L-jiLaJllI 
^jUlaVI ^ ^ULulj (j^AA jLk. IgJ s jjaa 4^U. (jjj plastic flow dl jk l$ij2LA <jla yield value 41 

Flow dl <_> ci' ^ 

4 «.ai<i, dll ajUII ^jojI ^1 a. uu'i Bingham _j^_s ^-L ^4 ^4 L ^^41 c ^^kull (jLic. 

B. Pseudo plastic flew (pp) 

Examples: 


• Natural and synthetic gums: 

1. Liquid dispersion of tragacanth 

2. Sodium alginate 

3. Methyl cellulose 

4. Sodium carboxy methyl cellulose (Na CMC) 

• Material of pseudo plastic flow similar to Newtonian flow in beginning from the 
origin 

• Pseudo plastic flow not characterized by a single viscosity (viscosity decrease as 
shearing rate increase). 

• Pseudo plastic flow called shear thinning system as the viscosity decreases when rate 

of shear increases. _ 

Equation: 

pN 

^pp = — 

N is constant depends on the material & must be more than 1 to be pseudo plastic 

Curve: 



(c) Simple pveudoplastic flow 
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Plastic flow <_Uc. t Pseudo <*1£ 

origin -1' Ij*lku jja jj£]I <jl <_$j ciiU.UJI (_>^3u ^ Newtonian -1' ri ^jjl' 

pseudo plastic -1' aJU. j£l aiAj a^.j jll' cjJa Newtonian -it ^ jl ^ I jslt-yn l£1 
1 thinning <^1!' cs-^s Shear thinning system a^^uuj jLic.j Jsjj a^-j jilt 

^ nUMl A-Iajuol4itj£ j! 

1^. J 4JC.Iij^a jl 4 $,| ^juo gUHlS ^jC. ajUc. 4-lixiVI 

? Flow L>° ^b JHa c*\\n>j (jV ^jJ cK <—fljxj 


C. Dilatant Flow 


Examples: 

1. Certain suspensions with high percentage of dispersed solid ( as 50% potassium 
silicate) 


Called shear thickening system as the viscosity increases when rate of shear increases 


Equation: 


F N 

r\ D = T 


N is constant depends on the material & must be less than 1 to be dilatant flow 

The constant N: 

N depend on the type of material 

• N less than 1 —► Dilatant flow 

• N more than 1 —► pseudo plastic flow 

• N equals 1—»Newtonian flow 


Curve: 



Shearing stress F/A 
Rheogram far a dilatant material 


bjjSj Jaflalb Cjli b ^ Jill 

i> j£' solid -11 Afuij jj^j Ja Solid-!' i> aJIc. aj^£ t^a <^111 dilik-dl aIU. ^ ^ 'j £jill 

Flow -1' c> ^jjl' %50 
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Id (jLuic. j pseudo plastic -II <jdc. Uj t-jUkill sjU j (JaU a^.j_)UI ‘ (_>d»JI l?‘ 1 . £»a b ^ _jjll 

thickening u^j thinning <j^ Shear thickening system 

fN 

jA jl jdl jdiliAj pseudo plastic dl ^ eUd.1 ^1 jjjlill (jdj jA jA -Ua jjjlill ^^dA di]d*N j] 

G 

!! Newtonian dl jjjlill odj j* 
*<j-V I ^a.1 j]|j 1 _j l$duii N dl <jV N Aua jl# jjjlill Newtonian dl ^ t UU-* j£j 

^jA j^l 

^jC-Uj SjUJI Flow -II ^jj JjJMjA N dl djjJC- j\ ( _ s AlJ Id L °j' ‘» duLa <_£ j ^jj j^a t aViVij ^ _J| 

SdalL (j^ald dud b N dl jV 

.. ^j^ (ijs 4-udj J^da dijdJI jl liA i_i!AlkVI ^ origin -II j^ ,dUaj pseudo dl <_$ j t-ijdll Ua 

ull^jsl (_)g ■»l.d 

Compare between Pseudo plastic and Dilatant flow 


D. Thixotropy Flow 


Reversible or isothermal gel - sol - gel formation 

Sjl^aJU j >«ajj I^jjA ■%. Igujduij (J^d jjSuj (^j-lllj lA-dluA ^^l AdaVI j-a ibLa (_^dc. j\ 

jldc. (_£^)dl Ggl -1 ^U (J^jdiiA i J^)jj jl cs^u ^^U Sjl^)aJI dij ' ydA ^]j 4 (Jjl-s. U 

<_Wtf I ^ dul£La <_$j C 5 -^ Reversible AjLud' diuu Id 


• By increasing shearing rate, the viscosity decreases, then by removing the stress, the 
viscosity returns to its original state. 


Types: 


Plastic flow and Thixotropy 

Pseudo plastic flow and Thixotropy 

e.g. petrolatum and bentonite 

e.g. methyl cellulose and CMC 

w 

cs 

V 

SI 

w 

Pseudoplastic / 



0 

0 

4 P 

cq 

or 

\y 

/ Plastic 



Shearing stress 



_ AjjLLa (J£d ^gk jLadaVI ^ did. jla i t ajl U duLa <_£ j jjc-Aia Au2 b ^ jill 

dlUjlLa ^ jldLaVI (jk jV Igd ^1 _jjVI Ajj ^-aau L_9jdj ^l-d 
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Types Newtonian Plastic Pseudo plastic Dilatant 


Thixotropy 


Equation 


Examples 


Curve 


Notes 


, ' = i 

1. Alcohol 

2. Water 

3. Benzene 

4. Chloroform 

5. Glycerol 


Newtonian Fluid 



• called simple 
flow 

• curve start 
from the origin 


u = 


F-f 




^PP ~ G 

N > 1 


?N 


^PP ~ G 

N < 1 


1. Suspension of zinc 
oxide and mineral 
oil 

2. Ointments 

3. Some paints 

4. Jelly 


1. Tragacanth. 

2 . 

3. 


Certain suspensions 1. petrolatum and bentonite 


Methyl cellulose, with high percentage 
Na Carboxy of dispersed solid ( as 
methyl cellulose. 50% potassium 

Sodium alginates, silicate) 


—► Plastic flow and 
Thixotropy 

methyl cellulose and 
CMC —> Pseudo plastic 
flow and Thixotropy 





Shearing stre» F/A 
Rhcogrom for a dilatant material 



• Yield value (f) 

• Shear thinning 

• Shear thickening 

• Reversible gel - sol - gel 

• Curve not start from 

system. 

system. 

formation 

the origin. 

• | stirring — 

• | stirring — 

Force Removal 

• Gel -► Sol — —4M 


viscosity 

viscosity 

Gel 
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J A-Ijlull i4s 


# Effect of temoerature on viscosity of a liauid: 


• As the temperature of the liquid increases, its viscosity decreases because the contact 
between molecules is reduced. 

• For each 1 °C increase in temperature, the viscosity decreases by 1 - 10 %. 

• But in some polymers (such as Methyl Cellulose), increasing temperature will 
increase the viscosity. 

.. 

iiiiiiiiiiiii: :v'-: 70 *C 

■ ■■■ ■■■■■■■■■■ ■ ■■■ " 

.. 

■ ■ 

A^tlL A^>JJjlj 9 U& 
l. njudj AjIaII Ajjuj iij CIjIaj 1 g Ikjuaj j A-Jtc, 1 g*^A 'si I L^jAj 

Ax-llL Jajl jllll ^ jS Ax^tlL A^> L5* L > V 11 ^ iS ^ A-J L-lLa 

A^jJ 6 jLajuiltc- c]£judll A^^ cJ^ L ^Jp t-al L^J S^Lalt 

^jLalC.j (JSS ^jillj AiLal^lJ lAlij Ajjl^p> A£Ua L-UJd£j j JxJd^JJ Jajlj^)ll 

Jilij JjLudll Ax-lliJ A ^^^111 

a^. j^lll 4 (JjIjjoJI (_ua*J 4 _i 3 V cdllii ? (Jj!jjJI o-ldill (_Ja L_lia 

.. methyl cellulose^' ^ Jli*j ejl^jj 


# Arrhenius eauation: 


logq = Log A + 


Ev 


2.303RT 


rj: viscosity. 

A: constant that depends on M.wt of liquid 
Ev: activation energy —► energy required to 
initiate the flow between molecules. 

R: gas constant ( 1.987 cal/mole.Deg & 8.314 
joule/mole.deg) 

T: absolute temperature 


lo 


log A 



1 /T- 


Jjjlj UdVn AJ^Ix>a]| 

ta JjjS <^111 ^ 4 A^j^lll j-iib c^Ujaj Cli jj dijjjji (JI^juo ir*\\n>j 













































Ostwald Viscometer = U-tube Viscometer 


Principle: 

• The time, for the fluid to flow by gravity from one mark in a vertical capillary tube to 
the second mark, is measured. 

Uses: 

• Measurement of viscosity of Newtonian fluids such as: Water, Glycerin and 
Chloroform. 

Procedure: 

1. Liquid of known viscosity (standard liquid e.g. water) is introduced into the 
viscometer through the V-arm. 

2. Liquid is sucked through the W-arm till liquid becomes above E-mark. 

3. Calculate the time (t) for falling liquid from E-mark to F-mark. 

4. Repeat the experiment with the liquid of unknown viscosity and calculate the time 
for its falling through the two marks. 

Equation: 

Vi _ £i 

m t 2 

rji _ piti 

m P2 f 2 


V arm W arm 
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Newtonian -II jjuJI ax^LL <U>jjill ^ (jUx, aaaVUjj ^UlII ^ ajj IjiWUI ^Jll jl^JI Ia 

sIloII ^ j equation 

U- j^VI 6 ax jul ^I ^Ull ^31 Uxd Ostwald viscometer JjVI ^Vl ^ u^l ^ jW' 

1^ eJjld duU ^j U dl ci (j j jjjjjjjI (> ' J j Viscometer 

^A <^-111 E AU/LlII Jjii JjLudll AA^iduiA <^111 dl3^11 ^jjjU ^lx AaIjmjj A.IiJajjj jig ,^\l JaX 

JjLoj Axil j a^j Jill Ujj I j cjSjII i 6 lower mark 31 ^ ^Jll F aUA* 11 upper mark 31 

:CjI jladll 


Jaijuol IAjIj £^^)ill ^ 5 ^ lg, u-ol IAjI j 1 _J lg*Ujjlj SLloII LilUoiillj <UAlUj^l (JjUj ^^jjjlJjulA # 1 

E ^a ^All lj\*,\l U^Ull Jx-ajjU a^J ^ij^j IAjj 4yUll jtdlx £^^)ill 

2 )Lax JLudll AijiloiA ^Jll ciii jll ua Vi j stop watch 31 Jiudi Iajj j Jj>ii AjUII ^ ndi j cAiil Jidj IajIA # 2 
diS^ll L_fl^juaJj dl3^11 L_a3jJ F U^Ull U1 (Jjlj E U2)b3] E Aa^USI ^j>a Jjii 
AjxLiJ A^jjUl L_Lud^.l ^jjlx ^lll (JjLudll £A CllljllA.\l ^JJd^Jj ^jjJa^31 .3 

^3 Aj^^ 11 J^A ^^ifAJ AjjUa\I JjLudll <U.j^l ^A TJ^ <jl Aja^1*a^ Ia J^3 <^-111 (J^jUI C5^ .4 

Jjg ^a\I JjLudll a5^)xjjuoI ^All dj5^11 ti j 6 1 igUj^ ^Allj ajUII <U>j^I ^a j^2 j <^5-^1!j 

F-SE Jjy (jLoic. AjUII a5^)xjjuoI ^^Jll dis^11 Ia ^ j 

jdb L^jI ^jj^a Ailjill La ^jV p2 j pi U^ 1 C5^ lP 34 Lyh^d^ a^LL Ailj£JI cA1La>q ^jl£ jl 

jjjlill Ig.la^sl A^jjill 

^a^xj ## ajc-Lij aJaUaII j jLg-^JI Ujuj^ <a1Lq c. ilU ^jUa c^l jaII 


B. Falling Sphere viscometer 


Uses: 


Measuring the viscosity of Newtonian and non-Newtonian liquids. 


Components: 

• Water jacket: used to fix temperature. 

• Sphere (ball) may be made of steel, plastic or glass. 

• Thermostat is used to fix temp. 

Procedure: 

1. The ball rolls down through a vertical glass tube containing the test liquid at a 
constant temperature. 

2. We calculate the time required for the ball to fall between the two marks by: 

V = K. t(p i - p 2 ) 

r\: viscosity. 

K: constant depend on the ball 
p 1 : Density of the sphere 
p 2 : Density of the material 
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t : Time 



Aj^juo 4 ^ liA 

25 ^ A^jJ AjLa Ad b *lxjllJ *lcrJ jl d£L^J 4JaL^o AjjfJ^I j 4 Ajjfjl ^dx U& 
b ^^jJajdl jj£I ^j^Lujj 2)bix ciilLuoA js 2)^^j 6 (jdj dx Ig.jlx Ja°il^.j& b *lxjllj 

.. temp constant -U c^j 

(JjLudllJ AjUxa <La!)lxj Ajjlx 4u*^kc* 4 l^£ 2)^^^ t$d (J J^Jj ^jdl JjtC' ^1 CS^ (J^Jl L$d 3a^J AjjfJ^I 

Ls h C—Lud^ ^^lx ^U.j]| jl l^lnJUJ^UII jl 2)^ ^X. jIx^Q SAj3 Ja^J b 

(JjJa ^Ax ^Jajudll ^ix A-iSUa (JjJaflJ ^jldj (JjLuJI ^9 (J^JJ (J^ 1 ^ J-A-^l 0^ ^AcJ tgdtj£ ^9JJ Sj^£J! ^Jt-da 


C Lua 


^ Jc. ^iidA b did^11 j A-ilijudll A^a^dtA] Ajjkll A^ilxJI (J^" 3 (J^ 1 ^ Sj^^l Ai^iiauA \\ Cli9^11 (jjd& 
A-i9 Ajuo ^ai>a ^All JjLudll Ax-Id A^ j^lll ^jba£ L • Ui ^ <^Ax J tg-La ^ ^ ^All S^Loll 

Ij^AVl (jdij ^ij 2)^^ (^^Axl C5^ 4 £Lj£ LdLa S^Lall Aitj^j AiLj£ L_fljtx ^Ijj 

b <ddx ^1 o^ 3 j *- 1 ^j 

L^-Lo ^^ ^All S^Lall ^^Ax Axd-ij Cdtj b -Jl 
non Newtonian j' Newtonian *'j*- JjL« <_s' ^jjU' j»^iuuj ^ aLjUi 


C. Rotational viscometer 


Concentric cylinder viscometer 


Procedure: 

1. Liquid under test is put between outer and inner cylinder. 

2. Inner cylinder is suspended by torsion wire. 

3. Rotation of outer cylinder causes the movement of liquid and this is indicated 
by the pointer on the scale (Co). 
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Equation: 


C 0 ~ l 


4h(OT] 


rX- 


ri 2 r 2 2 


Co: torsion constant of wire. 

h: height of inner cylinder. J 

co: angular velocity of outer cylinder ^J^d' A£.ld ajj! jll a& j*dl 

r\: viscosity of material under test. 

rl: radius of inner cylinder. 

r2: radius of outer cylinder. ajLlIjiII ajI jld 


torsion 

spring 




Jiquid under test 


inner cylinder 6 


Revolving outer 
cylinderA 


AjC-IIj A^j^llt _jdc- laa J j A_l^.jl_A. A ul j A ■»' ># qC- o^AC. a. II 

.. 

AaaJ 13 lilluJI tilLuiJ AL^ajia 1 AlAdl A M jU, „yi t AIjIj t ja. (j£] L_aJlj A iljU. .Xfi 

a^.j jlll a^cJs. 14_n*^ 4_il ja Scale -j j' j ta tdLJIj torsion wire 

Ajl jl ajoiVd jl<» < _ 5 dll lilLuJla i 4__ilkldl Ajl^Ic. jjLj diaj (JjLuiII lAiu i t—ilij AjA.jLkll AjajaiVI Id 

visCOSity dl A-ad £-a <_£Jl 4_adll L-Lui\ V'"' Ajj*-a A aaSa Aac. ^JAxaj I.} < _ s dl dl£l^.VI ^jsuZHuiA tAiiJ 

JjLdl 

Viscosity dl a <jjjLall ^ a^.U. <J£ 

l^yiA jidll ^jLuic. c . rjllaxj adaVI ^3 ^ajjA ^jda ^jl_jjc. _jlj ‘'At '■* 


# Applications of rheolo 


ALaldJI ^_ 5 -lc. ( dlaj c_'1 "'AtI A^i^a Idjj^aij ^j^yuiAj i__llj^]| ^3 _jjJa_jdl 
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jjIc. j \ Uli 4 Ajjb (JjIaj s^Ldl ajs j suspension -il ^jc* <jjdj ^KjI 

A^j^lll Jjjl ^jl ^jC- nj Lg-dC-Luo (d^Jl tillli 4 A^^judJ L_Ludjlj AJj^Ja SjJS Ailx>a (JjJaSJ ibLdl 

Ig^jj ^Lja (jHaj l_lujjjj ^jjIa JjJaij s^Ldl suspending agent lg»**d a^I^ ^t^aJLuAj 

Aj^JUd 

sustained ^^lllj J6jiiil jjiiij a^ j^l ^j^ .. o^^l j&j <^1-^1 

<jU J£ai ^ JSI t^jjl uj ^4 c^' u^l c> sjSal! ^ j 3 SI c>^ l£j release 

j\ VI (jiaxj ^ I JjVu^ (JjJj 4^baJ CjUj ^jj^llJ ^^lll j ClUUlsion dl jA j dlMlI ^jjuJaSlI 


c n 


flow dl jjSj b c >iiUjVlj ajUL> ^ j!*j e^jjll Ij£ surfactant dl emulsifying agent 

^ bj ^1 jl plastic j' Newtonian j' non Newtonian £fy 

Emulsifying agent dl 

.. c*U>n Ail J^j jU^VI ^ *j?JI .. Rheology dl ^^1 jjfb I^j 



iji 


-UJ ^ 
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